INTRODUCTION
The HIV pandemic continues to be a global challenge, with an estimated 34 million people living with HIV/AIDS 1 (PLWHA). However, the advent of antiretroviral therapy (ART) has significantly impacted the course of the disease, 2 as it has been shown to reliably suppress levels of plasma HIV RNA to the point of undetectability, 3, 4 thus reducing premature HIV-related death and the likelihood of onward transmission. 5 To be fully effective and for long-lasting clinical success, an optimal level of adherence (ie, at least daily) to prescribed ART is required. [6] [7] [8] Recent studies show rates of optimal ART adherence among a cohort of Canadian PLWHA who use illicit drugs to be between 62% and 67%. [9] [10] [11] In other words, approximately one-third of PLWHA are not achieving optimal levels of adherence to their ART regimen, often as a result of marginalization 12 (eg, homelessness and stigma) and criminalization. 13 Incomplete ART adherence is a risk factor for HIV viral load rebound, generation of resistance, HIV disease progression, and transmission to others. [14] [15] [16] One factor that has been shown to affect levels of ART adherence is the psychosocial construct of self-efficacy, that is, one's appraisal and belief in one's own ability to achieve optimal adherence. 17 The positive health outcomes of selfefficacy have been well described, including in the context of ART adherence. [18] [19] [20] [21] [22] This psychological concept, derived from Bandura's social cognitive theory, 23, 24 posits that although heightened awareness and knowledge of health risks are important components for change, effective selfregulation and behavioral change also requires selfconfidence and self-motivation. Moreover, a lack of self-efficacy can lead to further discrepancies between knowledge and action-taking. As such, by enhancing PLWHA perceptions of self-efficacy, individuals can exercise more control over behaviors relating to HIV disease management, such as schedule and dose adherence, thus leading to better overall health outcomes. It is important to highlight that Bandura 17 argues that self-efficacy should be largely regarded as a domain-specific construct, where one's selfefficacy is specific to individual domains, such as selfefficacy for time management or PLWHA's self-efficacy for ART adherence.
Although the literature has traditionally regarded selfefficacy as a mediating or explanatory variable for behavior change, there is emerging interest in the predictors of selfefficacy. Theoretical models, such as the Health Belief model, 25 have been used to support the notion of modifying factors that can influence one's perceptions of self-efficacy, 26 and Bandura's social cognitive theory posits that there are 4 sources of self-efficacy 17 : mastery experience (one's prior experience with performing a certain task), vicarious experience (learning that comes from the observation of others), verbal assurance, and physical and emotional state. Despite the paucity of studies in this area, some demographic and contextual factors have been implicated as predictors of selfefficacy across various domains. [27] [28] [29] [30] [31] [32] It is important to note that, to the best of our knowledge, there has been no research that specifically investigated the predictors of ART adherence self-efficacy, and almost no studies that used drug use as a predictor for self-efficacy. Furthermore, the literature examining self-efficacy as an outcome has not involved PLWHA who use illicit drugs.
For these reasons, the current study sought to identify predictors of ART adherence self-efficacy among a cohort of PLWHA who use illicit drugs in Vancouver, Canada. The study's aim is to explore and clarify the relationship between contextual and sociodemographic predictors, such as age, sex, homelessness, incarceration history, and drug use patterns, and levels of ART adherence self-efficacy. Given the scarcity of research focused on PLWHA and drug-using populations, we relied on existing literature describing the antecedents of self-efficacy generally to guide our investigation of the potential predictors of ART adherence self-efficacy. Data from this study setting are well-positioned to answer this question given all HIV treatment and care is delivered at nocost through the province's universal health care system, and findings can be helpful for developing new strategies that optimize ART adherence self-efficacy.
METHODS
The AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS) is an observational prospective cohort of HIV-seropositive illicit drug users in Vancouver, Canada, and has been described in detail elsewhere. 7, 33 In brief, individuals were eligible for ACCESS if they were aged 18 years or older, HIV-seropositive, used any illicit (injection or noninjection) drugs (other than or in addition to cannabis) in the past month, and provided written informed consent. At baseline and semiannually thereafter, participants answered a standardized interviewer administered questionnaire and provide blood samples for serologic analysis. The current study included individuals who had received one or more days of ART at the time of the baseline interview. Baseline ART-naive individuals who initiated ART during the study period were included from their next follow-up interview after initiation. Participants received a stipend of $30 CDN at each study visit. This study has received approval from Providence Health Care/University of British Columbia's Research Ethics Board. Our primary outcome of adherence self-efficacy was measured using the eight-item Adherence Self-Efficacy Measure (ASEM), which also includes a measure of negative outcome expectation. 20 As is common in the measurement of self-efficacy, items were tailored to reflect the specific behaviors and skills under the study, 15 and thus included 6 items assessing specifically adherence self-efficacy expectations and 2 items assessing self-regulatory efficacy. Within the context of this study, both efficacy expectations and selfregulatory efficacy will be referred to as, and encompassed within, adherence self-efficacy. The ASEM asks individuals to rate their confidence in their ability to engage in a range of behaviors specific to adherence to ART. 20 Negative outcome expectancy was based on a 100-point scale for the question: "Taking HIV medications will make me feel sicker." The internal consistency reliability of the ASEM was assessed with Cronbach's alpha using the study sample. The Cronbach's alpha was 0.85 for the Self-Regulatory Efficacy subscale and 0.83 for the Self-Efficacy subscale. All variables refer to activities or experiences in the 180 days preceding the study interview, unless otherwise stated.
This study considered a range of variables that fit into these exploratory predictors, including: Year of baseline study interview date; age at ART initiation; sex (male vs. non-male); white ancestry (yes vs. no); homelessness (yes vs. no); unstable housing (yes vs. no); incarceration, defined as being in detention, prison, or jail overnight or longer (yes vs. no); being in a relationship (yes vs. no); employment (yes vs. no); reporting income from illicit sources (yes vs. no); level of education ($high school diploma vs. ,high school diploma); drug or alcohol treatment (yes vs. no); unable to access treatment (yes vs. no); self-reported mental illness (yes vs. no); and experienced violence (yes vs. no). Illicit drug use was considered as follows: $daily heroin injection (yes vs. no); $daily cocaine injection (yes vs. no); and $daily crack smoking (yes vs. no). Finally, as a proxy for time since HIV diagnosis, time since Drug Treatment Program (DTP) entry at baseline was included as a predictor for ART adherence selfefficacy. In brief, a confidential record linkage program with the DTP, through the department of the BC Centre for Excellence in HIV/AIDS, provides a HIV clinical profile for each participant, which includes first recorded CD4 cell count and HIV viral load. This variable has been used in previous studies. 9, 11 Finally, childhood trauma (moderate to severe vs. none to minimal) as a predictor for adherence self-efficacy was measured with the Childhood Trauma Questionnaire 34 (CTQ); a 28-item validated instrument that is used to retrospectively assess 3 forms of childhood abuse-sexual, physical, and emotional-and 2 forms of childhood neglectphysical and emotional. The reliability of the CTQ has been demonstrated previously, 35, 36 and the instrument has been used successfully in several studies of illicit drug-using populations. 37 All variables refer to activities or experiences in the 180 days preceding the study interview, unless otherwise stated.
As a first step, the baseline characteristics of the predictor variables were examined, stratified by median adherence self-efficacy. Specifically, the Mann-Whitney test for continuous variables and the Pearson x 2 test for categorical variables were used to assess the relations among the characteristics and adherence self-efficacy. Next, in our analysis, we used logistic generalized estimating equation (GEE) dividing adherence self-efficacy by median with logit-link function and exchangeable working correlation structure to accommodate for serial measures for each participant. GEE technique adjusts standard errors accounting for correlated multiple observations per person using an exchangeable correlation structure. Regression parameters in GEE are first estimated through bivariate GEE analyses to determine factors associated with adherence self-efficacy for the defined list of explanatory variables. Next, to explore further the set of variables that best explain a higher adherence self-efficacy and to fit a multivariate model, we considered all variables with P , 0.10 in bivariate GEE analyses as the full model and applied an a priori-defined backward model selection procedure based on examination of quasilikelihood under the independence model criterion statistic (QIC). In short, we started with all explanatory variables, comparing the deletion of each variable using a QIC criterion. We built a reduced model removing the variable with the largest P value. We continued this stepwise process and selected the multivariate model with the lowest QIC value. 38 All P values are 2-sided. All statistical analyses were performed using RStudio software Version 0.99.892 (2009-2016 RStudio, Inc).
RESULTS
A total of 742 PLWHA were enrolled in the study between December 2004 and May 2014. Among this sample, 493 (66.4%) identified as male, 406 (54.7%) self-reported white ancestry, and the median age at ART initiation was 38 years (range: 31-44 years). In total, the analytic sample contributed a total of 4923 observations or a median of 6 study visits (interquartile range: 1-17 visits). Of the 4923 observations, 2912 (59%) 6-month interview periods were characterized by $median adherence self-efficacy The descriptive baseline characteristics of all participants stratified by median score (87.6) on the ASEM are presented in Table 1 . The results of the bivariate and multivariate GEE analyses are presented in Table 2 . In the multivariate GEE analysis, variables that were positively associated with a greater likelihood of higher adherence selfefficacy included: Older age at ART initiation, (adjusted 
DISCUSSION
In this study, we observed that a substantial proportion of PLWHA who use illicit drugs have demonstrated low levels of self-efficacy for ART adherence. In multivariate analyses, predictors positively associated with greater levels of adherence self-efficacy included older age at ART initiation and more recent year of baseline interview, whereas homelessness, daily crack smoking, having experienced violence, and having experienced childhood trauma were negatively associated with higher levels of adherence self-efficacy. Although these findings are in accordance with some of the existing literature exploring the antecedents of self-efficacy in the context of medical adherence, several predictors, including sex, employment, education, and incarceration, were unexpectedly not associated with adherence self-efficacy after covariate adjustment.
An important finding of this study showed that age at ART initiation independently predicted self-efficacy, where older age at ART initiation among PLWHA exhibited higher levels of adherence self-efficacy than their younger PLWHA counterparts. These results lend support for Bandura's posited sources of self-efficacy, 17 where, in the case of this finding, mastery experience can be enhanced with older age. According to social cognitive theory, those who have a higher sense of accomplishment also have a higher sense of mastery experience with a task-in this case, ART adherence -and would consequently have an elevated sense of ART adherence self-efficacy. 18, 24 It is important to note that the current study demonstrated an age-related difference in ART adherence self-efficacy. However, the amount of time that someone has been on ART did not predict ART adherence self-efficacy. In other words, the results can be attributed to the fact that older PLWHA may have had more prior experience complying with medication related to other agerelated illnesses, such as hypertension, thus allowing them more opportunities to develop mastery over routines similar to that of ART. Awareness of this enhancement in mastery experience in relation to age has been demonstrated in a study where researchers found that middle to older-aged adults seem to be more aware of their verbal fluency competencies as compared to young adults. 27 This awareness arises from the direct observable evidence of one's capabilities with performing a task, thus affecting levels of self-efficacy. With age, perception of one's mastery over a task becomes more crystallized and less susceptible to fluctuation even in the face of suboptimal task performance. For instance, within the same study, Bajaj et al found that among older adults, despite high appraisals of verbal fluency competency and high selfefficacy beliefs, their actual performance of verbal tasks declined in comparison with their younger counterpart. Given the impact of age on mastery experience, and subsequently on self-efficacy, this finding suggests that special attention should be paid to younger and newly diagnosed PLWHA with the aim of screening for low ART adherence competence, and to ensure the provision of corrective experiences that enhance appraisals of success.
Our study found that individuals with more recent baseline interview dates had higher levels of ART adherence self-efficacy. This finding is intuitive, given the improvements in ART simplicity and tolerability throughout the study period, which includes the introduction of the first once-daily HIV single-tablet regimen (eg, Atripla), 39 and the advent of the Seek, Test, Treat, and Retain era. 40 Acknowledgment and further understanding of HIV treatment in the mid-late 2000s has largely transformed guidelines and policies, which contributed to increased accessibility and effectiveness of ART. Previous analyses of HIV treatment outcomes among people who use drugs in our setting have shown that between 2006 and 2014, the proportion of PLWHA with a controlled viral load has more than doubled, while increased treatment exposure did not lead to increased rates of drug resistance. 11 Furthermore, another study from our setting demonstrated that daily pill burden was a significant predictor of ART adherence. 41 It follows then that PLWHA would likely develop a stronger sense of adherence mastery, and thus increased ART adherence self-efficacy, with a simpler treatment that is more accessible and easier to comply with.
Within social cognitive theory, one's physical and emotional states are considered crucial for self-efficacy, where physical and emotional states impact efficacy beliefs through one's attributions concerning the sources of the arousal, perceptions of the arousal, and the perception of their own effectiveness while under arousal. 17 This notion is supported by our finding that PLWHA who indulge in highintensity crack cocaine use were less likely to have higher levels of adherence self-efficacy. Neurocognitive impairments associated with crack cocaine use have been widely documented 42, 43 and when disrupted, can severely impact one's ability to appraise and recall prior success, and also hinder the capacity to observe and learn behaviors from others; a source of self-efficacy known as vicarious learning. Given that HIV and drug addiction are frequently coexisting conditions, clinicians and therapists should implement initiatives within addiction treatment contexts that target mechanisms that influence ART adherence self-efficacy.
In our sample, homelessness was found to predict lower adherence self-efficacy. Homelessness, in itself, represents a structural risk of increased morbidity, 44, 45 and in the case of PLWHA, can further exacerbate their already existing dire circumstances. An important observation among those who are homeless is a lack of social support, where studies have shown that those who are homeless experience smaller to nonexisting social networks, compared to those with stable incomes and homes. 46, 47 In turn, insufficient social support is detrimental to the development of self-efficacy, where opportunities for vicarious learning and verbal assurance from others are lacking. Affirmative statements regarding one's ability can support their beliefs that they possess the characteristics needed to be successful in their endeavors, and as such, act as an important source of self-efficacy. 17 For this reason, it is unsurprising that homelessness among this cohort of PLWHA was previously found to be associated with suboptimal ART adherence. 48 Given the compromised health and psychosocial sequelae affiliated with homelessness, policy makers and health practitioners alike should seek opportunities to create community-based support groups that promote social networking, and allow for positive reinforcement of healthy medication adherence behaviors.
Our finding that childhood trauma and experiencing violence predict low levels of adherence self-efficacy is consistent with the existing research, where distal and proximal trauma can negatively impact an individual's sense of efficacy. [49] [50] [51] [52] This can be attributed to the broad symptomatology associated with posttraumatic stress disorder (PTSD) (eg, decreased self-awareness, hypervigilance, and poor interpersonal skills), as well as the disruption of important developmental milestones of self-identity, which includes the development of self-agency. 53 A characteristic symptom of PTSD involves the overprocessing of external stimuli, which comes at the cost of attending to one's selfawareness, such as attending to one's needs and emotions. Lacking the ability to attend to those needs can result in negative self-appraisals, which can in turn perpetuate itself into feelings of inadequacy and failure. [54] [55] [56] For example, a study investigating women with a history of childhood sexual abuse found that these women were more likely to attribute negative outcomes to themselves, whereas positive outcomes were attributed to external factors. 57 In other words, these women believed that they were solely responsible for failures, whereas successes and accomplishments were attributed to factors that were not within their control. Despite the current findings, this area remains relatively unexplored and inconsistent. Future research should discern how clusters of symptoms associated with PTSD from childhood abuse interact with self-efficacy.
This study has several limitations. First, ACCESS is not a random sample, and therefore may not be generalizable to other drug-using or HIV-positive populations. Second, some data were collected via self-report and are thus vulnerable to response biases, including recall bias and social desirability. For instance, given the sensitive nature of some interview questions, respondents may be inclined to underreport stigmatizing behaviors such as illicit drug use and other high-risk behaviors. As a result, some of the findings may be conservative estimates. Our use of scales may also elicit extreme responding, particularly for our psychosocial measures, because it has been previously shown that participants are more likely to respond in an extreme manner when it pertains to their own beliefs and motivations. 58 Third, given the nonrandomized nature of this study, the relations studied may be influenced by unmeasured confounders.
Future studies that seek to investigate the antecedents of self-efficacy among high-risk populations would benefit from including measures of PTSD, rather than mere exposure to traumatic events (ie, childhood maltreatment). Findings from such work has potential to shed light on the potential impact that negative psychological symptoms, including emotional hyperarousal and dissociation, can have on one's perceptions of self-efficacy. In this manner, researchers would be directly ascertaining levels of PTSD symptomology, rather than assuming the presence of these symptoms from exposure to past traumatic events. Another important area of future research should involve looking at the relationship between the amount of time PLWHA have been on ART, in conjunction with their age, and adherence self-efficacy. Such findings may provide further insight into mastery experience as a source for self-efficacy. As a whole, new areas of research across multiple disciplines involving self-efficacy would benefit from being mindful of Bandura's social cognitive theoretical framework around the sources of selfefficacy.
CONCLUSIONS
Research on self-efficacy has focused mainly on the outcomes of self-efficacy across many areas of health and behavior, but little attention has been given to self-efficacy as an outcome. Furthermore, given the unique functioning of self-efficacy across different domains, it is crucial to identify which variables predict specific types of self-efficacy. It has been documented that high levels of adherence self-efficacy are associated with optimal levels of ART adherence, 8, 19 and thus, it is of epidemiological and clinical importance to identify the antecedents of adherence self-efficacy, as those variables could consequently affect the health outcomes of PLWHA.
In this study, we found that, in a multivariate model, older age at ART initiation and more recent year of baseline study interview positively and independently predicted increased levels of adherence self-efficacy, whereas homelessness, crack cocaine use, experiencing violence, and childhood trauma predicted lower levels of adherence selfefficacy. This study highlights the various ways that sociodemographic and contextual factors can influence the mechanisms of self-efficacy. Future research should focus on the impact of different therapeutic treatment modalities, such as emotion-focused or cognitive-behavioral interventions, on those with low adherence self-efficacy. Those results could be used to inform the design of effective treatment guidelines that can optimally boost self-efficacy, with the aim of improving health outcomes for PLWHA. Finally, this study emphasizes the potential importance of incorporating social cognitive theory into the treatment framework of HIV/AIDS, as well as the implementation of screening tools for those who are known to be at-risk for low adherence self-efficacy.
